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[57] ABSTRACT 

A dosage form that coadministers a drug and a percu- 
taneous absorption enhancer to a defined area of the 
skin. The dosage form comprises a body that contains 
supplies of drug and enhancer and has a basal surface 
that contacts the area of skin and transmits the drug and 
enhancer to the area for absorption thereby. The drug is 
provided to the basal surface at a rate at least as great as 
the rate at which the skin is able to absorb the drug 
whereas the enhancer is via a rate controlling means at 
a substantially constant rate that increases the permea- 
bility of the treated area of skin to the drug to a level at 
which the drug is absorbed at a therapeutically effective 
rate; 

16 Claims, 9 Drawing Figures 
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these bandages are a backing layer, a drug reservoir 

DOSAGE FOR COADMINISTERING DRUG AND layer, a microporous membrane layer, and a contact 

PERCUTANEOUS ABSORPTION ENHANCER adhesive layer. The patent indicates that the rate of 

drug administration is controlled by the rate at which 

DESCRIPTION 5 drug diffuses from the reservoir through the raicropo- 

TECHNICAL FIELD rous membrane. These bandages operate, therefore, in 

-n. . >. j r r j the same manner as those described in U.S. Pat. No. 

niinistering estradiol percutaneously. , 0 J^jftj toe sirin * 
BACKGROUND ART U.S. Pat. No. 3,053,255 discloses a multilayer unit for 
The practicality of administering a given drug percu- administering drugs percutaneously that is composed of 
taneously on a continuous basis depends upon the con- ^ following layers beginning with the one closest to 
centration of drug in the blood that is required to pro- skin: a fibrous lav « in which the drug is 
vide the desired therapy, how permeable the skin is to absorbed; an impervious separator layer, a reservoir 
the drug, and the amount of skin surface area that is l aver m which a liquid transport agent that is a solvent 
available for administration. The available skin surface f° r *n e drug is absorbed; and an impervious cover layer, 
area, while theoretically not being limited, is for patient One or more wicks run between the reservoir layer and 
acceptance reasons typically confined to more than the carrier layer and serve as a conduit for the flow of 
about S cm 2 and less than about 100 cm 2 . With available transport agent from the former to the latter. In opera- 
area fixed in this range, the matter narrows to whether tion the transport agent flows from the reservoir layer 
sufficient drug will pass through that much area to to the carrier layer via the wicks. The transport agent 
provide the desired therapy. If it will, it is simple to dissolves drug absorbed in the carrier layer as it passes 
effectively administer the drug percutaneously. If, how- therethrough and then, together with dissolved drug, is 
ever, the inherent permeability of the skin to the drug is 23 absorbed by the skin. The cross-sectional area of the 
so high or so low that too much or too little drug will wicks "must be such that at least so much of the vehicle 
pass through that area of skin, the rate of administration can flow therethrough (including the active agent dis- 
of the drug to the skin must be controlled or the perme- solved therein) as will be absorbed by the skin from the 
ability of the skin to the drug must be increased, as the act i V e agent carrier." This quote indicates that the 
case may be, to make percutaneous administration prac- JU amounts of drug and transport agent presented to the 
tical. The present invention involves a situation in skin m equal to or ^ ^ ^ ^ ^ 
which the permeability of the skin to the drug is in- s ^ n ^ absorb, 
creased. 

There is a great deal of literature concerning com- DISCLOSURE OF INVENTION 

pounds that enhance the percutaneous absorption of 35 ^ mvention is a ^ dos form md method Aat 

f^^SSi 8 *?T ° e0h TT* u coadminister a drug and a percutaneous absorption 

applied to the sl^ together with a given amount of the enhancer to a predetermined area of skin. The drug is 

drug in a formulation that has no ability to control the nA . • f _ . + " ** 4 , . " V 

rates at which the enhancer and drug are adnunistered a ^tered to the skm at a rate at least as great as the 

to the skin surface. In such instances more drug and " Jj^M wta^lhe skin is capable of absorbing it while 

more enchancer are present at the skin surface thin the F™«°™ ^sorption enhancer is administered at 

skin can absorb. Thus both drug and enhancer pass * .f^^ y "J"*"* "J 6 tot increases the permea- 

through the skin at maximum rates which are likely to ^ ty of area [°? sk "? u ufj^ t0 * ™F*~ 

be in excess of that needed to provide the desired thera- X " de such . su ^ c «nt drug is absorbed to provide a 

peutic result. 45 therapeutically efFective level of drug m the blood- 

U.S. Pat. No. 4,03 1,894 suggests pre- or coadmmistra- stream. Accordingly the rate of drug administration is 

tion of percutaneous absorption enhancers in connec- controlled by the rate at which the skin absorbs the 

tion with the controlled percutaneous administration of dru S whereas rate of percutaneous absorption en- 

scopolamine. The enhancer is applied to eliminate the hftncer administration is controlled by the rate at which 

stratum corneum as a rate-affecting barrier to scopola- 50 the enhancer is released from the dosage form to the 

mine absorption. To do this the enhancer must elevate skin surfa c e - Tne ra *e of drug administration is, there- 

the skin permeability to a level at which scopolamine is fore » controlled indirectly by the controlled corelease 

capable of moving through the skin faster than it is of the enhancer since the latter affects the rate at which 

being applied to the skin surface by the system de- tfi e skin will absorb the drug. 

scribed in the patent Thus the scopolamine permeates 55 More specifically the dosage form comprises a body 

through the skin at the rate at which it is administered to ( a ) having a basal surface 

the skin surface. In this type of application the scopola- 0) of area at least about equal to the area of skin to be 

mine administration rate is said to be controlled by the treated, 

system rather than by the skin. Correlative! y, the en- 00 that is adapted to contact the area of skin over the 

hancer administration rate (when coadministered with 60 time period, and 

scopolamine) may be either system-controlled or skin- (Ui) via which the drug and enchancer are presented 

controlled, but in either case is of such magnitude as to to the area of skin for absorption thereby; 

make the scopolamine administration rate system-con- (b) containing a supply of the drug that communicates 

trolled. with the basal surface to provide drug at the basal 

U.S. Pat. No. 3,797,494 describes bandages for admin- 65 surface over the time period such that over a substan- 

istering drugs percutaneously in which the drug may be tial portion of the time period the amount of drug 

mixed with a transport agent that enhances the penetra- provided to the basal surface is in excess of that 

tion of the skin by the drug. The main components of which the area of skin is able to absorb; 
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(c) containing a supply of the percutaneous absorption FIG. 8 is a graph showing the plasma estradiol con- 
enhancer that communicates with the basal surface so centration resulting from estradiol adininistration via 
as to provide the enhancer at the basal surface over the invention and via a commercial ointment; and 
said time period; and FIG - 9 fa a ^ a P h of estradiol fluxes versus ethanol 

(d) including means for maintaining the rate at which 5 fluxes for the bandages of Example 2. 

the enhancer is provided at the basal surface substan- MODES FOR CARRYING OUT THE 

tially constant over a substantial portion of the time INVENTION 

period, the rate being illustrates a self-adhering skin patch 11 that is 

(i) below the maximum rate the area of skin is able to . - _ , , , . ° , . \, ~ „ . . « 

Kc h rt 10 designed to be placed on unbroken skin .12. Patch 11 is 

absorb, and - . afAa a laminate that consists of four layers: a top backing 

(u) sufficient to increase the permeabday of the area drug^nhancer reservoir layer 14, a diffusion 
of skin to the drug such that the drug is absorbed m ^ mbrane } % 15 ^ a 00ntact adhesive layer 16 . 
thereby at a rate that provides a therapeutically ^ ^ defmes ^ Qf ^ h It fc ^ 
effective level of the drug in the bloodstream of the w fr om a ^ aterial or combmatioil of materials that is sub- 
patient, stantially impermeable to the components of reservoir 

Correlatively the method comprises lamina u It serves M a protective cover for the patch, 

(a) administering the drug to the area continuously over keeps ^ of reservoir lamina 14 from es- 
the time period such that over a substantial portion of capul g from the bandage, and fulfills a structural sup- 
the time period the amount of drug admmistered is in 20 pQrt ^^0^ Examples of materials that may be used 
excess of that which the area of skin is able to absorb; to j ayer 13 ^ ^ j ow density polyethylene, 
and polypropylene, polyvinylchloride, and polyethylene 

(b) simultaneously and continuously coadministering a terephthalate. In embodiments of the invention in 
percutaneous absorption enhancer to the area of skin which reservoir layer is fluid, the outer edge of the 
at a rate that is substantially constant over a substan- 25 backing layer will overlay the edge of the reservoir 
tial portion of the time period, the rate being layer and be sealed by adhesion or fusion to the dififu- 

(i) below the maximum rate the area of skin is able to s i 0 n membrane layer. In such structures the reservoir 
absorb, and layer is contained wholly between the backing layer 

(ii) sufficient to increase the permeability of the area and the membrane layer and does not have any exposed 
of skin to the drug such that the drug is absorbed 30 surfaces. The backing and diffusion membrane layers 
thereby at a rate that provides a therapeutically will be inherently sealable to each other or will include 
effective level of the drug in the bloodstream of the sealing means, such as an additional layer or adhesive, in 
patient. such embodiments. 

As used herein the term "substantial portion of the Reservoir layer 14 is immediately below backing 13. 

time period" means at least about 60% of the time per- 35 It contains supplies of both the percutaneous absorption 

iod, preferably at least about 90% of the time period. enhancer and the drug. The amount of drug in the reser- 

Correlatively, the term "substantially constant" means a voir will depend on the rate at which the drug is ab- 

variation of less than about + 20%, preferably less than sorbed by the skin from the bandage and the intended 

about + 10%, over a substantial portion of the time duration of therapy. Correlatovcly, the amount of en- 

_ eri(X j 40 hancer in the reservoir will depend upon the rate at 

The' above described dosage form and method are ^ch the enhancer is afciumstered to the skin from the 

especially useful for ^administering estradiol and etha- bandage to achieve the desired degree of dnigpermea- 

nol percutaneously to treat conditions associated with enhancement over the ^^P^^ e ^ 
f^fn** deficiency, such as - 45 

headaches, nausea, depression, hot flashes, and other & " 6 * • 

discomforts that often occur during menopause. e In ^ embodiinent of ^ invention that coaamims- 

BRIEF DESCRIPTION OF THE DRAWINGS ters estradiol and ethanol the principal components of 
. . , ... ' lamina 14 are estradiol and ethanol. The estradiol is 

In the drawings which are not to scale; 5Q m whoU fa solution or m both dissolved 

FIG. 1 is an enlarged sectional schematic view of a ^ undissolved particulate form dispersed uniformly 

first embodiment of the invention; through a continuous ethanol phase. The continuous 

FIG. 2 is an enlarged sectional schematic view of a phase cont ^ ns estradiol over the lifetime of the bandage 

second embodiment of the invention; and the minimum amount of estradiol in layer 14 will 

FIG. 3 is an enlarged sectional schematic view of a 55 dcpend on lts solubility in the continuous phase and the 

third embodiment of the invention; intended lifetime of the bandage. Typically about 0.2 to 

FIG. 4 is an enlarged sectional schematic view of a j 2 mg estradiol will be contained in the reservoir layer, 

fourth embodiment of the invention; Similarly, the minimum amount of ethanol in layer 14 is 

FIG. 5 is a graph illustrating the relationship between ^at which is sufficient to provide a substantially con- 

the drug flux through skin and the enhancer flux $q s tant flux of about 100 to 800 mcg/cmVhr, preferably 

through skin that is typical for many drug-enhancer 100 to 400 mcg/cmVhr, of ethanol to the area of skin 

combinations; being treated over a substantial portion of the intended 

FIG. 6 is a graph of estradiol fluxes versus time for lifetime of the bandage. The continuous ethanol phase 

the bandage of Example 1 and for a gelled estradiol- may also contain one or more covehicles, such as water, 

ethanol mixture; 65 along with ethanol to alter the solubility of estradiol in 

FIG. 7 is a graph of ethanol fluxes versus time for the the continuous phase. By reducing the solubility of 

bandage of Example 1 and for a gelled estradiol-ethanol estradiol in the lamina, the quantity of estradiol in the 

mixture; lamina may be reduced significantly. For instance by 
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using water as a covehicle at a 40% by weight level, the 
quantity of estradiol may be reduced almost two orders 
of magnitude. Preferably the continuous phase is in the 
form of a gel that contains 50% to 75% by weight water 
so that it may be handled easily in manufacturing the 5 
bandage. Known gelling agents such as carbox* 
ypolymethylene, ethylene maleic anhydride, hydroxy- 
ethylcellulose, polyacrylamide, ethylhydroxyethylcel- 
lulose, hydroxypropylcellulose, and poly(methylvin- 
ylether-maleic anhydride) may be included in the con- 10 
tinuous phase to make it gel. The viscosity of these gels 
are such that the estradiol-ethanol layer should be 
wholly contained between the backing layer and the 
diffusion membrane in the manner described above. 

Diffusion membrane layer 15, the next layer of the 15 
laminate, may be made of a dense or microporous poly- 
mer film that has the requisite permeability to the drug 
and enhancer. It is the member of patch 11 that controls 
the rate at which the enhancer is administered to the 
skin. It does not, however, contiol the rate at which the ^ 
drug is administered. In other words, it is a principal 
permeation barrier to the enhancer but not a significant 
permeation barrier to the drug. The respective fluxes of 
the drug and enhancer through layer 15 will depend 
upon the thickness of the layer and its diffusion coeffici- 
ents relative to the drug and the enhancer. Diffusion 
coefficients may be determined by standard techniques. 
Accordingly, films that will permit the required fluxes 
of drug and enhancer may be selected based on diffu- 3Q 
sion coefficients and thickness. Preferably the mem- 
brane layer 15 is substantially impermeable to other 
components of the reservoir layer. Examples of the 
types of polymer films that may be used to make layer 
15 are disclosed in U.S. Pat. Nos. 3,797,494 and 35 
4,031,894. 

Contact adhesive lamina 16 is directly below diffu- 
sion membrane layer 15. It is the means by which ban- 
dage 11 is affixed to the area of skin to be treated. Its 
composition and thickness are such that it does not 40 
constitute a significant permeation barrier to the drug 
and the enhancer. In other words it should be substan- 
tially more permeable to the enhancer than layer 15 and 
at least as permeable to the drug as layer 15. During the 
time interval between the manufacture and the use of 45 
bandage 11, layer 16 may absorb enhancer and drug in 
amounts that will depend upon the composition and 
thickness of layer 16 and the length of that time interval. 
If that interval is quite long, layer 16 will absorb en- 
hancer and drug until it is saturated therewith. The 50 
release of such absorbed enhancer from layer 16 once 
the bandage is applied to the skin may cause the release 
rate of enhancer from the bandage to exceed the desired 
steady-state rate for a short period of time. That condi- 
tion will be transient and will not affect the functional- 55 
ity of the bandage in providing controlled therapy. 
Contact adhesive compositions that may be used to 
make layer 16 are disclosed in U.S. Pat. Nos. 3,797,494 
and 4,031,894. 

Prior to use, bandage 11 also includes a protective . 60 
undercoating lamina (not shown). Just prior to use, the 
undercoating lamina is pulled away from lamina 16 and 
discarded. It is made from materials that are substan- 
tially impermeable to the drug, the enhancer, and any 
other components of layer 16. The same materials that 65 
are used to make backing layer 13 may be used to make 
the undercoating layer, provided they are made strippa- 
ble such as by siliconizing. 



Bandage 11 is applied to a relatively nonhairy area of 
skin 12 that is substantially free of wrinkles, creases, or 
folds. Various locations on the torso, such as the flank 
or shoulder, provide suitable sites for the bandage. As 
indicated above, once it is placed on the skin the ban- 
dage will begin coadministering drug and enhancer to 
the wearer, with the enhancer being released at a sub- 
stantially constant rate (following an initial transient 
surge) and drug being released at the rate at which the 
enhancer-treated skin is capable of absorbing it. The 
rate at which the treated skin is capable of absorbing the 
drug is affected by the enhancer flux through it. There- 
fore, although drug release is controlled principally by 
the skin, it is controlled indirectly via the enhancer flux. 
In the embodiment that coadministers estradiol and 
ethanol the steady state release rate of ethanol from the 
bandage is about 100 to 800 mcg/cmVhr, preferably 
about 100 to about 400 mcg/cmVhr. Such rates of etha- 
nol release will permit percutaneous absorption of estra- 
diol at a therapeutically effective rate. In this regard the 
steady state estradiol concentration in the plasma is 
incremented by about 15 to 40 pg/ml for every 1 meg of 
estradiol administered per hour. 

FIG. 2 depicts another embodiment, generally desig- 
nated 17, of the invention in which the drug and en- 
hancer are stored in separate reservoirs. Embodiment 
17 is a laminate composed of four layers: a backing layer 
18, a percutaneous enhancer reservoir layer 19, a diffu- 
sion membrane layer 22, a drug reservoir-contact adhe- 
sive layer 23. Layer 18 is identical in structure and 
function to layer 13 of embodiment 11. Layer 19 con- 
tains the supply of percutaneous absorption enhancer. 
As in embodiment 11, the amount of enhancer in layer 
19 will depend on the rate of enhancer administration 
required to achieve the desired degree of drug permea- 
bility enhancement. It may include diluent, stabilizers, 
vehicles, gelling agent, and other formulation aids in 
addition to the enhancer Layer 22 is the component of 
bandage 17 that controls the release rate of enhancer to 
the skin. In this regard it is structurally compositionally, 
and functionally similar to membrane 15 of embodiment 
11. Since the drug does not pass through layer 22, layer 
22 need not be permeable to the drug. Indeed it is pre- 
ferred that it be substantially impermeable to the drug 
to minimize upward migration of the drug from the 
drug reservoir layer 23. Layer 23 contains the supply of 
drug admixed with a contact adhesive composition, 
with the amount of drug depending on the rate at which 
the drug is absorbed by the skin and the duration of 
therapy. The contact adhesive composition may be the 
same material as is used to make layer 16 of embodiment 
11. Alternatively, layer 23 may be separated into a dis- 
tinct drug reservoir layer composed of the drug supply 
and a suitable matrix material and a distinct contact 
adhesive layer underlying the .drug reservoir layer. 

Embodiments such as bandage 17 in which the drug 
and enhancer supplies are separate may be advanta- 
geous or necessary in instances where formulation or 
storage of the drug and enhancer in contact with each 
other is impractical or undesirable or where separation 
of the drug and enhancer facilitate selection of the diffu- 
sion membrane. 

FIG. 3 illustrates another embodiment, generally 
designated 25, in which the supplies of drug and en- 
hancer are separate. Embodiment 25 is a laminate com- 
posed of two layers: a backing layer 26 and a heteroge- 
neous microcapsule-containing basal layer 27. Backing 
layer 26 is structurally, compositionally, and function- 
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ally identical to layer 13 ofembodiment.il: Heteroge- 
neous basal layer 27 is composed of a continuous matrix 
phase 28 in which enhancer-containing microcapsules 
29 and drug 32 (represented by stippling in FIG. 3) are 
dispersed. Continuous matrix phase 28 is a solid, semi- 
solid or gel composition that is permeable to the em 
hancer and the drug. It preferably adheres to skin. If it 
does . not, an adhesive overlay will have to be used to 
keep embodiment 25 in contact with the skin. The 



drug flux levels, off at "Y" and is not increased by fur- 
ther increases in the enhancer flux above "X". An opti- 
mum design, for embodiments involving drug-enhancer 
combinations having such a relationship will employ an 
enhancer flux slightly above X. At that enhancer flux, 
drug flux is at a maximum and is unaffected by minor 
perturbations in the enhancer flux. 

The following examples further illustrate the dosage 
form of the invention, its manufacture, , and its opera- 



Keep emooaimem « m tuuiawv. .»«*.»*... - — ^ — — > • . . 

contact adhesive compositions that are used to make the 10 tion. These examples are not intended to limit the inven- 



tion in any manner. Unless indicated otherwise propor- 
tions are by weight. 

EXAMPLE 1 



15 



Bandages that coadminister ethanol and estradiol 
were made as follows. A solution of estradiol in 95% 
ethanol was prepared by mixing 0.0315 part 17-0- 
estradiol in 1.000 part 95% ethanol. That mixture was 
gelled by adding 0.0210 part hydroxypropyl-cellulose 
sold under the trademark Klucel) with 



licit* 



contact adhesive layers of embodiment 11 and 17 will 
usually be suitable for use as continuous matrix phase 
28. Microcapsules 29 each consist, of an inner core of 
percutaneous absorption enhancer encapsulated by a 
diffusion membrane, the diffusion membrane functions 
as diffusion membranes 15 and 22 and may be made of 
the same materials and be selected based on the same 
criteria as membranes 15 and 22. Accordingly the diffu- 
sion membrane on each microcapsule controls the rate 

at which the enhancer from all the microcapsule con- 20 (mw II 

trols the rate at which the enhancer is released there- mixing. 

from. The combined release of enhancer from all the Next, a co ntact ^swecom^on w^deby 
microcapsules in turn defines the rate of release of en- mixing polyisobutene (mw 1200000), polyisobutene 
hancer from embodiment 25. As in the case of the other (mw. 35000), and light mineral oil in a weight ratio of 
eXliments the amount of enhancer contained in layer 25 1:1.25:2. A 50 micron thick layer of tot c^dt adhe- 
27 in microcapsule form will depend upon the required sive was cast onto a 75 micron thick film of siliconized 
enhance? release rate and duration of therapy. Micro- polyethylene terephthalate. The contact adhesive side 
capsules 29 may be made using conventional microcap- of the resultmg two-layer subassembly was laminated to 
sule forming techniques. Drug 32 is present in continu- a 50 micron-thick film of ethylene-viny acetate (EVA) 
out phLe MinSlved or in both dissolved andundis- 30 copolymer (9% vinyl acetate). The resulting three-layer 
sdvedforms The amount of drug present in layer 27 is subassembly was cut into 15 cmXll cm pieces. Four 
n excessTf that required to pVovide a continuous 400 mg portions of the gelled estrad.oUthanoI mixture 
ource of drug at the skin surface. The particular were placed equally spaced on the EVA ^ copolymer 
amount present in a given instance will depend upon the side of each piece and a 63.5 micron thick backing ; film 
rate at which the drug is absorbed by the skin from layer 35 for aluminized polyethylene terephthalate withan EVA 
27 and the duration of therapy. The thickness and com- heat sealable coating was laid over the gels. The back- 
position of continuous phased should be such that the ing film was heat sealed to the EVA oopolyme £yer at 
phase does not constitute a principal permeation barrier the periphery of each piece at 1 30 .C 27 kg. Finished 
to either the enhancer or the drug. bandages were punched from laminate with a 4 cm 

FIG. 4 shows another embodiment of the invention, 40 diameter circular punch, 

generally designated 33. The components of embodi- In vitro tests were earned out determine the flux .at 

m?nt 33 are backing layer 34, a reservoir layer 35 that estradiol and ethanol from the above described ban- 

Sins supplies of percutaneous absorption enhancer dages using the basic **cr.bed by Chard- 

and drug, a diffusion membrane layer 36, and a periph- rasekaran, et al, Am. Inst. Chem. Eng J., 22, 828 (1976). 

eral ring 37 of contact adhesive. Embodiment 33 is 45 Estradiol concentration in the receptor liquid I was as- 

structurally, functionally, and compositionally identical sayed chromatograph.cally. For companion the june 

to embodiment 11 except in the following respects. tests were carried out by applying a 2 ml layer of the 

Fto Ae contact adhesive component of embodiment above described gelled estradiol-ethano mixture : « , the 

33 is in the form of a peripheral ring rather than a con- stratum corneum side of the skin mounted in the diftu- 

tinuous blalTyei -Neither drug nor enhancer passes 50 sional cells. FIGS 6 and 7 are plots of J die r«ults of 

through ring 37 and it, therefore, need not be permeable those tests, with FIG. 6 showing the estradiol fluxes ^and 

wYhose compositions. Secondly, in embodiment 33 the FIG. 7 showing the ethanol fluxes. As shown , th estra- 

3 surface from which drug and enhancer is trans- diol flux from the gelled estradiol-ethano mixture was 

SdTo the skto k defined by diffusion membrane layer nonlinear despite a very high substantially constan 

36 ThiX to backing layer is not. flat but instead JS ethanol flux. In contrast both the estradiol and ethanol 

fom?a pockeior cavity -in which the reservoir layer is fluxes were substantially constant from the bandages- 

he™ Lastly, the outer edge of the backing layer is In vivo tests were carried out by applying two of the 

sealed to the peripheral rinf of contact adhesive. above described bandages to the flank skui of 4 post- 

The embodiments of FIGS. 1-4 may be designed to menopausal subjects. The results ^^^^ 
administer drug and enhancer at optimum rates to 60 those reported by Strecker, et al., Matuntas 1:183-190 

aSe the desired therapy. In order to determine the (1979). These reported tests were earned out by apply- 

ootimum rates for a given drug-enhancer combination it ing Oestrogel ointment as prescribed to the abdominal 

fs P n™ar?To determine tlJVelationship between the skin (a portion containing 000 ™ 

drug flux through to skin and the enhancer flux rubbed onto a 400 cm* area of skin). In the teste o„ £ e 
mroutth to skin. FIG. 5 shows a plot of enhancer flux. 63 invention bandages plasma samples were taken from to 

IS d X flTtSt is typical Jmany combinations. subjects at regular time intervals and analyzed by radio- 

DruE flux increases substantially linearly at enhancer immunoassay for estradiol content FIG. 8 is a plot of 

flu™es berwe^T^d "X". At enhance/flux "X" the to results of those analyses together wtth the reported 
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values for the ointment. As .shown, estraiJiol administra- 
tion via the bandages caused the concentration of . estra- 
diol in the plasma to rise rapidly to abqui r 70 pg/ml and 
hold at that level. In contrast est^ 
via the ointment caused the conceiitratipn jpf est,radioJ.in 
the plasma to rise rapidly to about ,8Q pg/mj and. then 
continuously drop oft over the .succeeding , 2p. hr. to 
about 25 pg/ml, . *\ :!Ji 



, raicron-thicH film of ethylene-vinyl acetate (EVA) co- 
polymer (12% vinyl, acetate). The. resulting three-layer 
subassembly, was cut into 8 cm X 5 cm pieces. A 580 mg 
potfioivof the gelled ethanol mixture and a 20 mg Dor- 
s' tion of the estradiol solution in ethanol were .placed 
equally spaced on. the EVA copolymer side of each 
, piece and a 45.7 micron thick backing film of polyethyl- 
ene texephthalate with an EVA . heat scalable coating 
was laid over the gels. The backing film was heat sealed 
10 1 to the EVA copolymer layer at the periphery of each 
piece at 150° C, 23 kg. Finished bandages were 
punched; from laminate with a 4 cm diameter circular 
. punch. 

. Modifications of the above described invention that 
ethanol flux. In vitro ethanol and estradiol fluxes from 15 are within the skill of those working in the pharmaceuti- 



EXAMPLE 2 



■ : 'i ' 



The dependence of estradiol flux on ethanol flux in 
the bandage was illustrated by the following tests.. ,, 

Four bandages, were; made as in' Example 1 except 
that the ethanol concentration was varied to vary the 



these bandages were determined by the procedure of 
Example 1. These determinatiohs are pitted In FIG. 9. 
As shown, estradiol flux is directly proportional to 
ethanol flux over the indicated ethanol flux range. ' 



EXAMPLE 3 



This example illustrates the use of Water as a coyehi- 
cle with ethanol in the reservoir. Three sets of bandages 
were made as in Example 1 except that a 12% rather 
than a 9% vinyl acetate EVA film* was' used and 95% 25 
ethanol was replaced with ca 75:25,; ; ^40^ana 50:50 
w/w ethanol- Water mixes. Estradiol content per ban- 
dage was 8.5 mg, 3.6 mg, and 1.3 mg, respectively. In 
vitro tests were carried but as in Example' 1 and the 
ethanol and estradiol fluxes were comparable to those 30 
of the bandages of Example 1; l ' " "' ' ' ;! - " ' 

As described and shown above, the embodiments of 
the invention may be used to conveniently elevate the 
concentration of estradiol in' the plasma v to ^constant 
levels. In this regard, it is believed that 'total plasma 35 
estradiol levels in the range of about 25 to 60 pg/ml are 
most advantageous for treating conditions associated 
with menopause and that levels in the range of about £ 5 
to 40 pg/ml will be most advantageous for treating 
postmenopausal conditions associated; With the natural 40 
decrease in estradiol after the ovaries cease functioning. 
Thus, to treat a given patient orte first determines the 
extent to which the concentration 1 must be elevated to 
reach the above treatment levels. One themadministeirs 
a bandage having an effective surface area that will 45 
provide the estradiol flux that will achieve the required 
degree of elevation. Based on the estradiol flux per unit 
area of skin treated and. the elevation of estradiol in the 



caU chemical, and/or medical arts are intended to be 
within the scope of. the following claims. . 
..We- claim: 

1. A unit; dosage form for coadministering a drug and 
20 a percutaneous absorption enhancer to a predetermined 

area of unbroken skin of a patient for a predetermined 
time period, the dosage form comprising a body 

(a) having a basal surface 
(i) of area at least about equal to the area of skin, 
(ii> that is adapted to contact the area of skin over 

the time period, and 
. (iii) via which the drug and enhancer are presented 
to the area of skin, for absorption thereby; 

(b) containing- a supply of the drug that communi- 
■■: cates with the basal' surface to provide drug at the 

. basal surface over the time period such that over a 
. substantial: portion of the time, period the amount of 
drug provided is in excess of that which the area of 
. skin is able, to absorb; 

(c) containing a supply of the percutaneous absorp- 
. tion enhancer that , communicates with the basal 
* surface over said time period; and 

(d) including means for maintaining the rate at which 
the enhancer is provided at the basal surface sub- 
stantially constant over a substantial portion of the 
time period, the rate being 

(i) below the maximum rate the. area of skin is able 
to absorb, and 

(ii) sufficient to increase the permeability . of the 
..... area of skin to the drug such that the drug is 

absorbed, thereby at a rate that provides a thera- 
peutically ^effective level of the drug in the 
• bloodstream of the patient. , . 

2. The unit dosage form pf claim 1 wherein the basal 



plasma per 1 meg estradiol administered per hour that 

are described above, it is apparent that the surface area 50 surface is adhesive to the area of skin, 

of skin treated will typically be in the range of 5 to 20 3. The unitdosage form of claim 1 wherein the supply 

cm 2 . • * * • > o -■-■:» of drug and the supply .of enhancer are admixed and 

PYAvrPTCii - * : contained in a common xeservoir. 

EX AMPLE 4 tl t . -r .. . { .:; . .>■ 4. The unit dosage form of claim 1 wherein the supply 

Bandages that coadminister ethanol and ^estradiol 55 of drug and the. supply, of enhancer are maintained in 

were made as follows. A solutin of estradiol in. 95% separate reservoirs. 

ethanol was prepared by mixing 2 g of estradiol in 100 5. The unit dosage.form of claim 1 wherein the means 

ml in 95% ethanol. A gelled solution of esthanol was is a diffusion membrane positioned between the supply 

prepared by mixing 215.5 g of 95% ethanol with 353.5 of enhancer and the basal surface through which the 

g of water and adding 0.5 g hydroxypropyl-cellulose 60 enhancer must permeate to reach the basal surface, 

(mw 1,000,000 sold under the trademark Klucel) while 6. The unit dosage form of claim 1 wherein the rate at 

mixing. which the enhancer is provided at the basal surface is 

Next, a contact adhesive composition was made by above that rate at which the rate of absorption of the 

mixing polyisobutene (mw 1200000), polyisobutene drug by the area of skin ceases to increase significantly 
(mw 35000), and light mineral oil in a weight ratio of 65 as the rate at which the enhancer is provided is in- 

1:1.25:2. A 50 micron thick film of siliconized polyeth- creased. 

ylene terephthalate. The contact adhesive side of the 7. A unit dosage form for coadministering a drug and 

resulting two-layer subassembly was laminated to a 38 a percutaneous absorption enhancer to a predetermined 
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area of unbroken skin of a patient for a predetermined 

time period comprising a laminate body of: 
(a) a backing lamina that is substantially impermeable 
to drug and enhancer, one face of which defines the 
uppermost exterior surface of the body; 

: (b) a reservoir lamina adjacent and below the oppo- 
site face that contains a supply of the drug and a 
supply of the enhancer; 

(c) a diffusion membrane lamina adjacent and below 
the reservoir lamina through which the drug and 10 water, 
enhancer permeate; and 

(d) a contact adhesive lamina adjacent and below the 
reservoir lamina, one face of which defines a basal 
surface of the body that contacts and adheres to the 
area of skin over the time period, and through 15 
which the drug and enhancer permeate to the basal 
surface wherefrom they are absorbed by the area of 
skin, wherein the compositions and thicknesses of 
the diffusion membrane lamina and the contact 
adhesive lamina are such that 20 

(i) the drug permeates therethrough over the time 
period at a rate that provides the drug at the 
basal surface in excess of that which the area of 
skin is able to absorb; and 

(ii) the enhancer permeates therethrough at a sub- 25 
stantially constant rate over a substantial portion 
of the time period, the substantially constant rate 
being below the maximum rate the area of skin is 
able to absorb and sufficient to increase the per- 
meability of the area of skin to the drug such that 30 
the drug is absorbed by the area of skin at a rate 
that provides a therapeutically effective level of 
the drug in the bloodstream of the patient. 

8. A dosage form for administering estradiol percuta- 
neously and continuously over a predetermined time 35 
period through a predetermined area of unbroken skin 
of a woman to treat a condition caused by estradiol 
deficiency comprising a laminate body of: 

(a) a backing layer that is substantially impermeable caused by estradiol deficiency comprising: 



to the skin, the contact adhesive layer being perme- 
able to estradiol and ethanol. 
' 9/ The dosage form; of claim 8 wherein the edges of 
the backing layer "and the diffusion membrane layer are 
sealed together so that the reservoir layer is wholly 
contained between the backing layer and the diffusion 
membrane layer. 

10. The dosage form of claim 9 wherein the gelled 
ethanol contains about 5% to about 75% by weight of 



11. The dosage form of claim 9 or 10 wherein the 
reservoir layer contains about 0.2 . to 12 mg estradiol. 

12. The dosage form of claim 9, 10, or 11 wherein the 
rate of ethanol release is in the range oif 100 to 400 
n«g/cmVhr ; /:. \ : . " . , f 

13. A method for coadministering a drug and a percu- 
taneous absorption enhancer to a predetermined area of 
unbroken, skin , of a .patient for a predetermined time 
period comprising: 

(a) administering the drug to the area continuously 
over the. time period such that over a substantial 
portion of the time period the amount of drug ad- 

: ministered is in excess of that which the area of skin 
is able to absorb: and 

(b) simultaneously and.. continuously coadministering 
a percutaneous ; absorption enhancer to the area of 
skin %t a rate that is; substantially constant over a 
substantial protion of the time period, the rate 

. being ... 

(i) below the maximum rate the area of skin is able 
.to absorb, and 

(ii) sufficient to increase the permeability of the 
> area of : skin to the drug such that the drug is. 

• absorbed thereby at a rate that provides a thera- 
peutically effective level of the drug in the 
. bloodstream of the patient. 
A method for treating a woman for a condition 



14. 



to estradiol and ethanol, one face of which forms 40 
the top of the body; 

(b) a reservoir layer adjacent the opposite face of the 
backing layer comprising estradiol dispersed in 
gelled ethanol; 

(c) a diffusion membrane layer adjacent and below 45 
the reservoir layer through which estradiol and 
ethanol are released continuously over said prede- 
termined time period from the reservoir after the 
body is affixed to the skin, the rate of estradiol 
release being at least as great as the rate at which 50 
said predetermined area of the skin is capable of 
absorbing estradiol, and the rate of ethanol release 
being substantially constant and in the range of 100 



(a) continuously administering estradiol to a predeter- 
mined area of unbroken skin of the said female over 
a predetermined time period with the rate of ad- 
ministration over a substantial portion of the time 
-period being at least as great as the rate at which 
said area of skin is capable of absorbing estradiol; 
and 

(b) simultaneously and continuously coadministering 
ethanol to the area of skin at a substantially con- 
stant rate in the range of 100 to 800 mcg/hr/cm 2 of 
said area of skin over a substantial portion of the 
tithe period. 

15. The method of claim 14 wherein the area of skin 
is about 5 to 20 cm 2 . 

16. The method of claims 14 or 15 wherein said sub- 



to 800 mcg/hr/cm 2 of said area of skin; and 

(d) a contact adhesive layer adjacent and below the 55 stantially constant rate is in the range of 100 to 400 

diffusion membrane layer, one face of which is the mcg/craVhr. 
basal surface of the body when the body is affixed 



60 
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